erated four coag -RFLP patterns: 92% of them were coag -RFLP type 1, while types 2, 3 and 4 were 3.5, 4.6 and 1.1% respectively. PFGE differentiated them into seven pulsotypes (PFGE types 1-7). The PFGE type 1 pulsotype constituted 90.2% of the isolates. Isolates with the type A coag -RFLP also had the type1 PFGE pulsotypes. Conclusion: The concordant results of PFGE and coag -RFLP demonstrated the presence of a persistent MRSA clone in the hospital during the study period.
term profi le of the emergence of new resistance to existing antibacterial agents as well as the evolution and spread of new resistant clones [8] . Surveillance data on antimicrobial resistance are important for every institution, for monitoring the emergence and spread of these resistant organisms [9] .
In Kuwait, MRSA isolated from patients in a teaching hospital [10] and a burns unit [11, 12] have been characterized. However, information on MRSA isolated from general hospitals in the country is lacking. The prevalence and clonal types of MRSA may vary considerably among hospitals in the same city or country [4, 6] . Therefore, there is a need to study the characteristics of MRSA strains obtained from patients in general hospitals in Kuwait, for their antibacterial resistance patterns and clonal composition. In this study, MRSA obtained from patients in a Kuwait general hospital in 1996-1998 and 2001 were studied for their susceptibility to antibacterial agents, and typed using phenotypic and genotypic methods to assess changes in their resistance patterns and clonal types.
Materials and Methods

Hospital
The Farwania hospital is a 350-bed general hospital with Obstetrics and Gynecology, Pediatrics, Medical and Surgical wards, an Intensive Care Unit and an Outpatient Department (OPD). It serves a population of approximately 150,000 people of different nationalities. The Farwania Hospital was selected for this study because MRSA isolated from it had been preserved from 1996 onwards with the exception of 1999, and were available for this study.
MRSA Isolates
The MRSA isolates were obtained from routine clinical samples of 88 patients, in all the wards and the OPD at the Farwania Hospital, in 1996: 24; 1997: 25; 1998: 18, and 2001: 21. No MRSA was isolated in the obstetrics and gynecology wards during the study period. Eleven of the isolates were from patients visiting the OPD. The medical ward was the major source of samples, yielding 44 samples. The orthopedic, surgical, ICU and pediatric wards contributed 11, 8, 7 and 6 MRSA isolates, respectively.
The isolates were identifi ed by characteristic growth patterns by culturing on mannitol salt agar and Gram's stain, and positive tube coagulase test. Isolates were preserved at -80 ° C in 20% (v/v) glycerol and subcultured in Brain heart infusion broth and Brain heart infusion agar.
Antibiotic Susceptibility Testing
Susceptibility testing was performed by the disk diffusion method on Mueller Hinton agar as described previously [13] . Susceptibility testing for methicillin was performed on Mueller Hinton agar plates with disk containing 5 g of methicillin and incubated at 30 ° C for 24 h. Methicillin resistance was confi rmed by detecting PBP2a in culture supernatants, using a rapid latex agglutination kit according to the manufacturer's instruction (Denka-Seiken, Japan). For susceptibility to heavy metals and nucleic acid-binding compounds, 6-mm disks (Whatman AA disks) impregnated with cadmium acetate (130 g), propamidine isethionate (50 g) and ethidium bromide (60 g) were used. Minimum inhibitory concentrations of mupirocin, vancomycin and teicoplanin were determined with E-test strips as per manufacturer's instructions (AB Biodisk, Solna, Sweden). S. aureus strain ATCC25923 was used for quality control of susceptibility testing. ␤ -Lactamase production was tested with nitrocefi n, by following the manufacturer's instructions (Oxoid, Basingstoke, UK). S. aureus strain ATCC29213 was used as a positive control.
Strain Typing
The coagulase serotypes were determined with the staphylococcal coagulase antisera according to the manufacturer's instructions (Denka-Seiken, Japan). The coagulase gene was amplifi ed using published primers [14] . The nucleotide sequence (5 ] 3 ) of standard primers purchased were COAG-2: ACC ACA AGG TAC TGA ATC AAC G and COAG-3: TGC TTT CGA TTG TTC GAT GC (Gibco BRL, Paisley, UK). The amplifi ed products were digested with 5 U of Alu I restriction enzyme, incubated at 37 ° C and separated by agarose gel electrophoresis (2.5% agarose, w/v) in 1 ! TBE buffer for 2.5 h at 85 V. The gel was stained with ethidium bromide (1 mg/ml) and photographed under UV illumination. S. aureus strain ATCC25923 and Staphylococcus epidermidis strain ATCC12228 were used as positive and negative controls, respectively. For pulsed-fi eld gel electrophoresis (PFGE), cells were prepared in agarose blocks (PFGE grade, BioRad Laboratories, Hercules, Calif., USA) and digested with Sma I as described previously [11] . Interpretation of PFGE patterns of all of the 88 isolates was made, using the recommendation by Tenover et al. [15] . Isolates that differed by one to fi ve bands were classifi ed as related, and those that differed by six or more bands were considered to be unrelated.
Genetic Location of Resistance Determinants
Plasmids were isolated by the cetyltrimethyl ammonium bromide method, separated by agarose gel electrophoresis and sized as described previously [11] . Loss of resistance and plasmids was investigated by curing at 43 ° C [11] . Plasmids were transferred in mixed-culture transfer and conjugation experiments carried out as described previously [16] .
Results
Antibiotic Susceptibility Patterns
All 88 isolates were methicillin resistant. This was confi rmed by the production of PBP2a, and the fact that all the test samples produced penicillinase. All the isolates were susceptible to linezolid, teicoplanin and vancomycin, with none expressing intermediate glycopeptides resistance. The minimum inhibitory concentration values of vancomycin and teicoplanin were 0.5-3.0 mg/l.
The prevalence of antibacterial resistance is summarized in table 1 . A majority of the isolates were resistant to gentamicin, kanamycin, streptomycin, erythromycin, clindamycin, tetracycline, trimethoprim, ciprofl oxacin, fusidic acid, high-level mupirocin, chloramphenicol, cadmium acetate and propamidine isethionate and ethidium bromide. The prevalence of gentamicin, kanamycin, streptomycin, erythromycin, clindamycin, ciprofl oxacin, tetracycline, fusidic acid, cadmium acetate, propamidine isethionate and ethidium bromide resistance remained uniformly high, the already high level mupirocin resistance increased further, over time. However, resistance to chloramphenicol and trimethoprim declined from 25 and 29% in 1996 to 4.7 and 14.2% in 2001, respectively. The prevalence of rifampicin resistance remained low, except in 1997. Seven of the 11 OPD isolates were susceptible to gentamicin.
Strain Typing
The coagulase serotypes of all 88 isolates were determined. Eighty one (92%) were coagulase serotype 4. Three isolates, one each from 1996, 1997 and 1998 were nontypeable. Two isolates, both from 1996 were serotype 2, one from 1996 was serotype 6 and one from 1998 was serotype 5.
Molecular Typing
The results of molecular typing are summarized in table 2 . The coagulase gene was amplifi ed in all 88 isolates, and the Alu I restriction endonuclease digestion of the amplifi ed products yielded four coag -RFLP patterns, designated types 1-4. These had two Alu I restriction fragments but they differed in size ( fi g. 1 ). Eighty (91.0%) of the 88 isolates had the coag -RFLP pattern A. These consisted of all 24 isolates from 1996, 23 of the 25 isolates from 1997, 14 of the 18 isolates from 1998 and 19 of the 21 isolates from 2001. Isolates with coag -RFLP patterns B, C and D occurred sporadically ( table 2 ) .
The 88 isolates were classifi ed into seven pulsotypes (types 1-7) according to the criteria proposed for the interpretation of PFGE patterns [15] . The type 1 pulsotype was further divided into eight subtypes, designated types 1a-1h ( table 2 ; fi g. 2 ). The type 1 pulsotype was detected in 52 isolates, and the types 1a-1h subtypes, which differed from type 1 pulsotype by 1-5 fragments, were present in 29 isolates. Thus, in total, the type 1 pulsotype and its subtypes were detected in 81 (92.0%) of the isolates. The remaining six pulsotypes occurred in seven isolates. Analysis of the PFGE patterns of the 11 outpatient isolates revealed that four of them had the type 1 pulsotype, and one isolate each had the type 1a, 1f and 1h pulsotypes. The remaining four isolates constituted unrelated PFGE types 3, 5, 6 and 7.
A comparison of the coag -RFLP and PFGE results in table 2 showed that, except for two isolates, isolates with PFGE type 1 pattern and also its subtypes had the coag -RFLP type A pattern. The same isolates also belonged to coagulase serotype 4 (not shown). Isolates with PFGE type 2-7 patterns had different coag -RFLP patterns. 
Genetic Location of Resistance Determinants
Plasmid analysis revealed that the isolates harbored three to fi ve plasmids per cell with sizes ranging from approximately 2.8 kb to 38 kb. They all carried a 26-kb and a 3.0-kb plasmid, but they differed in carriage of the 38-and 4.4-kb plasmids ( fi g. 3 ). Only the high-level mupirocin-resistant isolates harbored the 38-kb plasmid. To determine the plasmid resistance phenotypes, four high-level mupirocin resistant and four mupirocin-susceptible isolates, from each year, were selected for curing and transfer experiments. In curing experiments, resistance to cadmium acetate, propamidine isethionate and ethidium bromide were lost simultaneously from all of the isolates and their loss was accompanied by the loss of a 26-kb plasmid. The loss of high-level mupirocin resistance was accompanied by the loss of a 38-kb plasmid and the loss of chloramphenicol resistance was accompanied by the loss of a 4-kb plasmid. Transfer experiments were conducted to confi rm the plasmid resistance phenotypes. In conjugation experiments, using each of the eight isolates as donors, transconjugants were obtained on mupirocin and chloramphenicol selection plates. Transconjugants obtained on mupirocin selection plates were either resistant to mupirocin alone and carried a 38-kb plasmid or resistant to mupirocin and chloramphenicol and carried 38-and 4.4-kb plasmids. Transconjugants obtained on chloramphenicol selection were both resistant to mupirocin and chloramphenicol and carried 38-and 4.4-kb plasmids or were resistant to chloramphenicol alone and contained a 4.4-kb plasmid. Resistance to chloramphenicol, high-level mupirocin, cadmium acetate, propamidine isethionate, and ethidium bromide were transferred in mixed-culture transfer experiments. The transfer of resistance to cadmium, propamidine isethionate, and ethidium bromide was accompanied by the transfer the 26-kb plasmid. Similarly, the transfer of chloramphenicol and high-level mupirocin resistance was accompanied by the transfer of the 4-and 38-kb plasmids, respectively. Thus, high-level mupirocin resistance was encoded by the 38-kb plasmid, chloramphenicol resistance was encoded by a 4.4-kb plasmid, while the 26-kb plasmid encoded joint resistance to cadmium acetate, propamidine isethionate and ethidium bromide.
Discussion
This study indicated the presence of antibiotic resistance trends and genetic relatedness of MRSA in a general hospital in Kuwait in 1996-1998 and 2001. MRSA were isolated from all wards except the obstetrics and gynecology ward. The absence of MRSA in the obstetrics and gynecology ward may be attributed to the patient population and their short length of hospital stay. These patients are usually healthy and lack risks factors for MRSA colonization due to prolonged antibiotic therapy and exposure to hospital environment.
Although the isolates were resistant to multiple antimicrobial agents, they were all susceptible to vancomycin, teicoplanin and linezolid, and 93.2% of them were susceptible to rifampicin. This indicated that these agents could still be used for treating MRSA infections in this hospital. The data demonstrated that while the prevalence of resistance to the aminoglycosides, macrolides, tetracyclines, ciprofl oxacin and fusidic acid remained high throughout the study period, already high-level of mupirocin resistance increased steadily over time. Similarly, Al-Haddad et al. [12] reported an increase in highlevel mupirocin resistance from none in 1992, to 56% in 1997 in the burns unit in Kuwait. Such increases may be attributable to extensive use of antibiotics, which select for the dominance of resistant bacteria [3, 17, 18] . Mupirocin was introduced for clinical use in Kuwait in 1992 and its use contributed to the development of the resistance in the burns unit [11, 12] . However, no data on mupirocin consumption in the Farwania hospital were available for relating mupirocin utilization with the resistance data obtained, to establish a linkage between mupirocin use and the development of resistance. In contrast, the prevalence of resistance to chloramphenicol and trimethoprim declined. This could be due to the absence of selective pressure since chloramphenicol has not been used in Kuwait since the mid-1980s, and trimethoprim is used sparingly in outpatients for the treatment of nongram-positive infections [Al-Sweih, unpubl. data]. Molecular typing of the MRSA isolates by coag -RFLP and PFGE yielded concordant results and allowed the determination of their genetic relatedness. The results showed that the majority had the same coag -RFLP and PFGE patterns ( table 2 ), suggesting that they had a common origin. Isolates with coag-RFLP pattern A were also typed as PFGE pulsotype1 or its subtypes indicating that an MRSA clone persisted in the hospital for at least 6 years, from 1996 to 2001. A similar result was reported for MRSA isolated in a burns unit in Kuwait [12] . Krishnan et al. [19] have also reported the persistence of a clone of MRSA in the burns unit in South India for more than 5 years.
The observation that MRSA belonging to PFGE types 2-7 and coag -RFLP genotypes B-D were obtained from outpatients demonstrated the differences between hospital-and community-acquired MRSA. The hospital-acquired MRSA was clonal, persisted for years and spread among different patients. However, few community-acquired isolates occurred sporadically and were heterogeneous. Because of their capacity to spread and persist in the hospital environment, the dominant MRSA clone identifi ed in this study might be considered as epidemic MRSA. Four of the 11 outpatient isolates also had the type 1 PFGE pulsotype that was common among the inpatients. This would suggest the spread of this MRSA clone into the community. It is also possible that these patients had histories of previous hospital admission, which would explain their carriage of the hospital-associated MRSA clone. Different epidemic MRSA strains have been reported from several countries [5] [6] [7] . Further studies using multilocus sequence typing [20, 21] and the determination of staphylococcus cassette chromosome mec [21] will be needed to determine whether or not the major MRSA clone detected in this study is related to any of the known international epidemic clones.
Curing and transfer experiments demonstrated that the 26-kb plasmid in these isolates coded for resistance to cadmium acetate, propamidine isethionate and ethidium bromide, the 4.4-kb plasmid coded for chloramphenicol resistance and the 38-kb plasmid coded for high-level mupirocin resistance. The 38-kb high-level mupirocin resistance plasmid also appeared in 1996 in the burns unit in Kuwait in 1996 [11, 12] . The detection of the 38-kb high-level mupirocin resistance plasmid in isolates from the general hospital and burns unit in 1996 suggests that it may have been introduced into the two hospitals at about the same time.
Conclusion
This study demonstrated the presence of two MRSA populations in a general hospital in Kuwait. One type had a capacity to colonize or infect patients in different wards, and persisted in the facilities for at least 6 years. The second type consisted of sporadic isolates that were associated with outpatients and probably represented community MRSA strains.
